A B S T R A C T in 10 patients with classic renal tubular acidosis in whom correction of acidosis was sustained with orally administered potassium bicarbonate, renal conservation of sodium was evaluated when dietary intake of sodium was restricted to 9-13 meq/day. In five patients, renal conservation of sodium was impaired by at least one criterion of impairment. In the remaining patients, renal conservation of sodium appeared to be relatively well-maintained, but an impairment could not be excluded. In each of six patients studied during induced water diuresis, including two in whom renal conservation of sodium was not unequivocally impaired, the minimal urinary concentrations of sodium were inappropriately high and the urinary excretion rates of sodium were flow-dependent. These results provide direct evidence that an abnormality in renal transport of sodium can occur in classic renal tubular acidosis, and compel a reconsideration of the pathophysiology of disordered renal transport of sodium in this disorder. The results indicate that in at least some patients with classic renal tubular acidosis impaired renal conservation of sodium is not exclusively a reversible consequence of the renal acidification defect. These findings raise the question whether renal transport of sodium is unimpaired in any patients with classic renal tubular acidosis. In the presently studied patients, the impairment in renal conservation of sodium appeared to be in part the consequence of an impaired ability of the vasopressinresponsive segments of the distal nephron to generate and maintain appropriately steep transepithelial sodium concentration gradients. 
INTRODUCTION
In patients with classic renal tubular acidosis (type 1, "distal" RTA)V, irrespective of the presence or absence of nephrocalcinosis, correction of systemic acidosis with alkali therapy can result in a reduction of the urinary excretion rate of potassium, sodium, and aldosterone (1) (2) (3) (4) (5) (6) (7) (8) (9) ; when correction of acidosis is sustained and dietary intake of sodium and potassium is not restricted, the external balance of potassium and sodium can become sufficiently positive to correct hypokalemia and secondary hyperaldosteronism (4, 5) . It has been inferred from these observations that the impairment in renal conservation of potassium and sodium demonstrable in untreated, acidotic patients with classic RTA is fully corrected when acidosis is corrected with alkali therapy (5) . This inference constitutes the basis for the widely accepted conclusion that in classic RTA impaired renal conservation of potassium and sodium is exclusively a reversible consequence of the renal acidification defect (5, (10) (11) (12) (13) . But the validity of this inference can be questioned, since it cannot be ascertained from the results of published studies whether renal conservation of potassium and sodium is unimpaired when dietary intake of these ions is restricted and correction of acidosis is sustained (1) (2) (3) (4) (5) (6) (7) (8) (9) . In some patients with classic RTA, renal potassium wasting and hyperaldosteronism persist during sustained correction of acidosis with alkali therapy, despite provision of even supernormal amounts of dietary sodium (6) . Hence, in at least some patients with classic RTA, impaired re1Abbreviation used in this paper: RTA, renal tubular acidosis.
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In the present investigation of children and adult patients with classic RTA, we have evaluated renal conservation of sodium when dietary intake of sodium was restricted and correction of systemic acidosis was sustained with potassium bicarbonate. Renal conservation of sodium and chloride was impaired in 5 of 10 patients studied and was not unequivocally unimpaired in the remaining patients. In the patients studied who had Sjogren's syndrome and/or hypergammaglobulinemia, the impairment in renal conservation of sodium might have been a consequence of the primary pathological process in the kidney (interstitial nephritis), which can result in multiple dysfunctions of the renal tubule (14) (15) (16) ; in these patients and in those with idiopathic RTA as well, the impairment might have been a consequence of secondary renal parenchymal damage associated with nephrocalcinosis and infection. But whatever its pathogenesis, the occurrence of impaired renal conservation of sodium in patients with classic RTA during sustained correction of acidosis compels the conclusion that the impairment is not exclusively a reversible consequence of the renal acidification defect. The results of the study render problematic the primacy of the renal acidification defect in the pathogenesis of impaired renal reabsorption of sodium and other inorganic ions in classic RTA.
METHODS
In seven adult patients and three children with classic RTA (Table I) , renal conservation of sodium and/or chloride was evaluated during restriction of dietary intake of sodium and/or chloride. In some of these patients, results of studies of renal tubular function have been published (6-8, 20, 21) . In each patient, the dysfunction of renal acidification was characterized by a persistently inappropriately high urinary pH during acidosis; in most patients, urinary excretion of acid was inappropriately reduced during acidosis, and reabsorption of filtered bicarbonate was nearly complete (> 95%) at normal plasma bicarbonate concentrations sustained with orally administered alkali. None of the patients were azotemic and none had the complex dysfunction of the proximal renal tubule characteristic of the Fanconi syndrome. For months or years before the present studies, correction of systemic acidosis and hypokalemia had been sustained in each patient by administration of sodium bicarbonate, usually in combination with potassium bicarbonate.
Intake of sodium was restricted in each of the 10 patients. Throughout the period of restriction and for at least 1 wk before, each patient received a constant metabolic diet containing 9-13 meq of sodium/day, and each patient was maintained nonacidotic by oral administration of potassium bicarbonate (60-120 meq/day in the adult patients, 55-80 meq/day in the children). For a period of 3-5 days before initiating the period of sodium restriction, each adult patient was maintained in sodium balance with 85-120 meq of sodium chloride/day administered orally as a supplement; each child was maintained with a daily supplement of sodium chloride of 1.5-3.5 meq/kg of body weight. The period of sodium restriction was initiated by discontinuing the supplement of sodium chloride and was continued for 8-10 days. When the supplement of sodium chloride was discontinued in two patients, 30-50 mmol of potassium chloride was administered daily in substitution for an equal amount of potassium bicarbonate. Potassium chloride was substituted for potassium bicarbonate to prevent or to lessen an increase in plasma bicarbonate concentration that might have been expected to occur with sodium depletion and reduction of the extracellular fluid volume. Hence, in these patients, the intake of sodium but not chloride was restricted. A similar study was carried out in a single normal subject to investigate the possibility that renal conservation of sodium during restriction of sodium might be limited by continued intake of chloride.
Immediately before terminating the period of sodium restriction, the effect of changes in urine flow on urinary concentration and excretion rate of sodium was examined in six patients in whom water diuresis was induced by orally administered water, in amounts ranging from 15 to 25 ml/kg of body weight.
Study procedures and chemical analyses of blood and urine were carried out as described previously (6, 7, 18, 20, 21) .
In initial studies of renal conservation of sodium, the dietary content of sodium was estimated from food composition tables (22) . 1-4 yr after the studies were completed, the patients' diets were reproduced and the content of sodium measured. Reproduction was exact with respect to the items of food and their weights. The content of sodium was measured in 17 diets from 11 studies of 10 patients, a total of 32 samples of homogenized diet were analyzed (Table II) . At least one diet was analyzed for every study. In the initial study of one patient (C. V.), the original diet was prepared in duplicate, one duplicate was homogenized and frozen when the study was in progress; the content of sodium in this diet was measured and compared with that in the diet prepared 3 
RESULTS
Urinary excretion of sodium. In each of the 10 patients studied, the rate of urinary excretion of sodium decreased promptly when sodium intake was restricted ( Fig. 1 of sodium excreted exceeded the measured amount of sodium ingested by 5-25 meq/day. The differences between the amounts of sodium excreted and ingested exceeded the error (2-3 meq/day) in the determination of dietary sodium content. In three of these patients, the urinary excretion rate of sodium showed no tendency to decline during the final 3 days of the period of sodium restriction ( Figs. 1 and 2 ). In C. V. and A. B. (study no. 2), in whom the content of sodium was measured in the original diet employed in the study, the amount of sodium excreted in the urine during the final 3 days of sodium restriction exceeded the measured amount of sodium ingested by 12-16 meq/day and by 3-9 meq/day, respectively ( Fig. 2 ; Table IV ). In the one patient (L. W.) in whom intake of chloride was not restricted concurrently with that of sodium, the failure of urinary sodium excretion to decrease to appropriately low levels did not appear to be a consequence of continued ingestion of chloride. In the one normal subject tested, despite continued ingestion of chloride, the urinary excretion rate of sodium decreased promptly to 8 meq/day when intake of sodium was restricted. In three adult patients (M. P., Le. S., A. P.) and in two children (R. C., M. S.), renal conservation of sodium appeared to be well-maintained: by the 3rd-8th day of the period of sodium restriction, the amount of sodium excreted in the urine was less than or very nearly equal to the amount of sodium ingested ( Fig. 1 ; Tables III and IV). In two patients (A. P., Le. S.), the urinary excretion rate of sodium decreased to values lower than the measured values of sodium intake ( Fig.  1 ; Table IV ). During the final 3 days of the period of sodium restriction in Le. S., the amount of sodium excreted was 2-3 meq/day less than the measured amount of sodium ingested ( Fig. 1 ; Table IV ), a characteristic occurrence in normal subjects during dietary restriction of sodium (23) (24) (25) (26) .
During the control period in most of these studies, Tables III and IV) . In some studies, the positive balance of sodium appeared unexpectedly large, but this was not prerequisite to the demonstration of impaired renal conservation of sodium (C. V., Fig.  2 ). In A. B.2 the positive balance of sodium would appear to have been more apparent than real, since it was not associated with weight gain (Fig. 2) . With a positive external balance of sodium, one would have expected a weight gain of 0.5-0.8 kg depending on the estimate of extrarenal losses of sodium. The unexpectedly large positive balances of sodium in the control period might have reflected incomplete absorption of sodium chloride, perhaps related to the unusual intake of potassium bicarbonate. Among the 10 patients studied, the observed differences in ability to conserve sodium could be correlated with differences in minimal urinary concentration of sodium during sodium restriction: in the adult patients (seven patients), in the children (three patients), and in the combined group of adult patients and children (10 patients), the minimal urinary excretion rates of sodium (values obtained on the final 3 days of sodium restriction) varied directly with the urinaT y concentration of sodium (adult patients: r = 0.82, P < 0.01; children: r = 0.85, P <0.01) (Fig. 3) . By a similar analysis, the observed differences in ability to conserve sodium could not be shown to be related to differences in urine volume.
Among the 10 patients studied, the observed differences in ability to conserve sodium could not be correlated with the differences in the intake of potassium bicarbonate. The minimal urinary excretion . rates of sodium during the final 3 days of the sodium restriction period did not correlate with the urinary excretion rates of potassium for the same 3 days, whether the excretion rate of potassium was expressed in meq/24 h, meq/kg of body weight per 24 h, or in meq/1.73 m2 per 24 h. By a similar analysis, the minimal urinary excretion rates of sodium did not correlate with the excretion rates of bicarbonate.
Cumulative sodium deficits. In the seven adult patients in whom sodium intake was restricted, differences in ability to conserve sodium were also evident from differences in magnitude of sodium deficit incurred during the period of sodium restriction: in the three adult patients in whom urinary excretion of sodium clearly Table IV .
Calculated by subtracting urinary excretion from dietary intake of sodium.
failed to decrease to appropriately low levels (C. V., A. B., L. W.), the cumulative deficit of sodium during the first 8 days of sodium restriction exceeded that incurred by normal subj ects during a period of sodium restriction of similar duration that follows a prerestriction control period of similar dietary intake of sodium (5, (23) (24) (25) (26) (Fig. 4) . By contrast, in two of the three adult patients in whom renal conservation of sodium appeared to be well-maintained (Le. S., A. P.), the cumulative deficit of sodium was similar to that incurred by normal subjects (Fig. 4) . In one of the three adult patients who appeared to conserve sodium well (M. P.), however, the cumulative deficit of sodium exceeded that incurred by normal subjects by at least 10 meq (Fig. 4) . But (Fig. 4 ). In the one child in whom renal conservation of sodium appeared to be well-maintained (M. S.), the cumulative deficit of sodium exceeded the upper limit of normal for adult subjects by 20 meq (Fig.  4) . Although the calculated cumulative deficit of sodium in this child could be reduced to the upper values of the normal range of adult subj ects by correcting for the potential error in the measured dietary intake of sodium, the magnitude of the deficit still may be inordinately large for a child.
Urinary chloride excretion. In the eight patients in R. C., M. S.), each of whom also appeared to conserve whom intake of chloride was restricted concurrently sodium well: in these patients, by the 5th-7th day of the with the intake of sodium, the ability to conserve chlo-period of chloride restriction, the amount of chloride ride appeared to be normal in only three patients (Le. S., excreted in the urine was slightly less than the amount of chloride ingested ( Fig. 5 ; Tables III and IV) . Renal conservation of chloride was clearly impaired, however, in four of the remaining five patients, one of whom conserved sodium well (A. P.) and three of whom did not (C. V., A. B., C. G.). In each of the four patients, urinary excretion of chloride exceeded dietary intake of chloride throughout the period of chloride restriction ( Fig. 5 ; Tables III and IV) . In the three patients in whom renal conservation of both chloride and sodium was clearly impaired (C. V., A. B., C. G.) (Fig. 5) , the rates of excretion of chloride and sodium were nearly identical throughout the restriction period: hence, the impairment in renal conservation of chloride and the impairment in renal conservation of sodium were of similar severity.
Relationship between urinary concentration and excretion rate of sodium and urine flow during experimentally induced water diuresis. The urinary concentration of sodium decreased as urine flow increased in each of six patients with classic RTA (L. W., M. P., Le. S., A. B., M. S., R. C.) in whom a water diuresis was induced at the end of the period of sodium restriction (Fig. 6A) . Except in L. W., most of the decrease in urinary concentration of sodium occurred as urine flow increased to values 1-2 ml/min greater than the base-line values; as urine flow increased further, the urinary concentration of sodium remained constant or decreased only slightly. Because in each patient the decrease in concentration of sodium was not proportional to the increase in urine flow, the rate of excretion of sodium increased as urine flow increased (Fig. 6B) . These findings are similar to those observed by other investigators in sodium-depleted normal subjects undergoing a water diuresis (27) ; the urinary concentrations and excretion rates of sodium in sodium-depleted normal subjects, however, appear to be generally lower than those observed in the patients with RTA (Figs. 6A and  B) . Acid-base status. In each patient, correction of systemic acidosis was sustained throughout control and sodium restriction periods (Table V) . In six patients, two of whom had markedly impaired renal conservation of sodium, the pH of the urine was greater than the pH of arterial blood during the period of sodium restriction. The pH of the urine was slightly less than that of arterial blood in four patients, in one of whom (C. V.) renal conservation of sodium was clearly impaired, and in two of whom (Le. S., A. P.) it was well-maintained. Differences in ability to conserve sodium appeared to be unrelated to the magnitude of bicarbonaturia during the period of sodium restriction (Table V) FIGURE 5 Relationship between the urinary excretion rate of chloride and the duration of dietary restriction of chloride in five adult patients and three children with classic RTA in whom correction of systemic acidosis was sustained by oral administration of potassium bicarbonate. Horizontal dashed lines indicate the measured dietary intake of chloride.
iton rates of titratable acid and ammonium (1, 2, 6, 8, 10, 11, 13, 17, 18, 21, 28-33). In patients with classic RTA (type 1, "distal" RTA), the pH of the urine reniains inappropriately high during severe as well as mild degrees of acidosis (Table I) , and persisting bicarbonaturia is characteristic (8, 11, 21) . In adult patients with classic RTA, the amount of bicarbonate excreted is a very small fraction of that filtered at normal as well as at reduced plasma bicarbonate concentrations (Table I) (6, 13, 18, 21, 29, 30) . Hence, net renal reabsorption of filtered bicarbonate is not substantially reduced. The dysfunction of renal acidification in classic RTA has been inferred to be the consequence of an inability of the distal segments of the nephron to generate or maintain appropriately steep luminal-to-peritubular fluid hydrogen ion concentration gradients (13, 17, 30, 
33).
Untreated patients with classic RTA fail to conserve sodium as well as normal subjects when dietary intake of sodium is restricted; depletion of sodium and secondary hyperaldosteronism persist even when dietary intake of sodium is maintained at normal levels (4, 5) . The impairment in renal reabsorption of sodium presumed to account for these findings has been inferred to be a reversible consequence of the renal acidification defect (5, 11, 13 Data on normal subjects was taken from the study by Coleman et al. (27) . Values of urine flow are expressed as a fraction of glomerular filtration rate adjusted to 100 ml/min., the assumed glomerular filtration rate of the normal subj ects.
thereby impair renal conservation of sodium. This formulation is based upon the observation that in patients with RTA, correction of systemic acidosis with alkali therapy can lead to a reduction of the urinary excretion rate of sodium and to an external balance of sodium sufficiently positive to correct secondary hyperaldosteronism: by increasing intraluminal bicarbonate concentration and pH, correction of acidosis with alkali therapy is presumed to remove the inferred gradientrestriction on hydrogen ion secretion, increase the net rate of H+-Na+ exchange in the distal nephron and thereby correct the impairment in renal conservation of sodium (5) .
But the observation that urinary excretion of sodium can decrease, and sodium balance can become positive, in patients with classic RTA when their acidosis is corrected with alkali therapy does not necessarily indicate that the impairment in renal conservation of sodium evident during acidosis has been corrected (6) . The sodium-conserving effect of alkali therapy has been observed only in patients in whom dietary intake of sodium was normal (> 100 meq/day) and maintained constant; alkali therapy was administered by substituting 100 meq NaHCOa for an equimolar amount of dietary NaCl (5) . Since under these conditions the urinary excretion rate of sodium must have been substantial (> 100 meq/day) when alkali therapy was initiated, the reduction in urinary excretion of sodium necessary to account for the observed positive cumulative balance of sodium could have been quite modest (e.g., 30-40 meq/day). From the occurrence of such a modest reduction, it could not be confidently predicted that urinary excretion of sodium would decrease to appropriately low rates when the intake of sodium was restricted.
The results of the present study indicate that in at least some patients with classic RTA, renal conservation of sodium is impaired when dietary intake of sodium is restricted during sustained correction of acidosis with alkali therapy. In 4 of 10 patients (L. W., C. V., A. B., C. B.) in whom dietary intake of sodium was restricted, urinary excretion of sodium exceeded dietary intake of sodium by 5-27 meq/day throughout the 8-10-day period of sodium restriction; in three patients, the excretion of sodium did not diminish further during the latter part of the restriction period. In three of the four patients (C. V., A. B., C. G.), dietary intake of chloride was also restricted, and in these three patients, renal conservation of chloride was also clearly impaired. In addition, in one of the children studied (M. S.) in whom urinary excretion of sodium decreased to levels approximating those of sodium intake during the period of sodium restriction, the cumulative deficit of sodium exceeded that incurred by normal adult subjects during a period of sodium restriction of similar duration. Thus, by at least one criterion, renal conservation of sodium was impaired in 5 of the 10 patients studied.
This demonstration of impaired renal conservation of sodium during sustained correction of systemic acidosis provides the first direct evidence of an abnormality in renal tubular reabsorption of sodium in classic RTA. The observation that acidotic patients with classic RTA fail to conserve sodium as well as normal subjects who are not acidotic (5) cannot be interpreted as evidence of In at least three of the patients studied, the ability to conserve sodium and/or chloride appeared to be wellmaintained during sustained correction of acidosis. But it cannot be inferred that renal conservation of sodium was unimpaired in these patients. Because the magnitude of the error in determination of dietary sodium content was sufficiently great (i.e., 2-3 meq), it could not be ascertained whether urinary excretion of sodium was appropriately lower than dietary intake of sodium (i.e., by 2-3 meq/day), as it characteristically is in sodiumrestricted normal subjects (23) (24) (25) (26) . Furthermore, with more severe restriction of dietary intake of sodium than was employed in the present study, these patients might have failed to reduce urinary excretion of sodium to rates as low as those reached by normal subjects who are similarly severely restricted. Hence, the possibility cannot be excluded that renal conservation of sodium was impaired in each of the patients in the present study.
A pathophysiological basis for the impairment in renal conservation of sodium demonstrated in some patients with classic RTA is not evident from the data obtained in the present study. On the basis of the values of urinary aldosterone and glomerular filtration rate in these patients (Table IV) , neither deficiency of mineralocorticoid nor a large reduction in number of functioning nephrons could be implicated as pathogenetic factors.
The possibility might be considered that the patients were hypervolemic, since before study their intake of sodium had been supernormal, i.e., a normal amount of dietary sodium chloride plus supplemental sodium bicarbonate to m4intain correction of acidosis. In hypervolemic normonatremic subjects, renal conservation of sodium might appear to be impaired during restriction of sodium, if only because the negative balance of sodium required to reestablish sodium balance would be greater than that of normovolemic subjects and hence might take longer to achieve. Yet, during an 8-10-day period of sodium restriction in three patients in whom renal conservation of sodium was judged to be impaired, urinary sodium excretion did not decrease progressively during the final 34-days of sodium restriction. Accordingly, in these patients it appeared that the limit of the ability of the kidney to reduce urinary excretion of sodium had been reached. Furthermore, hypervolemia would not be a predictable consequence of sustained administration of sodium bicarbonate in just therapeutic amounts in patients with classic RTA maintained on normal amounts of dietary sodium chloride. Acidosis and sodium depletion occur in patients with classic RTA because at normal plasma bicarbonate concentrations the net rate of renal hydrogen ion secretion, and therefore presumably the net rate of H+-Na+ exchange, is subnormal. As a result, the net amount of sodium bicarbonate delivered by the kidney to the plasma and extracellular fluid is subnormal. Continued administration of just therapeutic amounts of sodium bicarbonate would just prevent positive hydrogen ion balance and negative sodium balance from occurring. Although the amount of sodium bicarbonate prescribed for the patients with RTA might have been slightly greater than that just sufficient to maintain correction of acidosis, the amount of sodium represented by such a difference could not have been large and presumably is readily excreted as sodium bicarbonate.
Because bicarbonaturia occurred during sustained correction of acidosis in these patients, it might be argued that the impairment in renal conservation of sodium was a consequence of increased delivery of sodium bicarbonate to the distal nephron. But, the magnitude of the impairment did not correlate positively with the magnitude of bicarbonaturia (Table V) . Furthermore, the amount of sodium bicarbonate delivered to the distal nephron is not necessarily supernormal in patients with classic RTA on alkali therapy. At normal plasma bicarbonate concentrations in these patients, bicarbonate reabsorption in the proximal nephron cannot be inferred to be subnormal; bicarbonaturia may reflect incomplete reabsorption of bicarbonate in the distal nephron. The amount of bicarbonate delivered to the distal nephron at normal plasma bicarbonate concentrations is undoubtedly greater than it would be during acidosis, but such increased bicarbonate delivery in patients with classic RTA is generally presumed to augment rather than diminish sodium reabsorption in the distal nephron (5).
Moreover, even though the amount of bicarbonate delivered to the distal nephron is greater at normal plasma bicarbonate concentrations than during acidosis, the amount of sodium delivered might be less. Acidosis appears to be attended by a net diminution of sodium reabsorption in the proximal nephron (36) (37) (38) (39) .
The large amount of potassium bicarbonate ingested by all the patients studied with classic RTA cannot be invoked as the cause of the impairment in renal conservation of sodium evident clearly only in some of these patients. The urinary excretion rates of sodium for the last 3 days of the period of sodium restriction did not correlate with the urinary excretion rates of potassium or bicarbonate for the same period, irrespective of whether the excretion rates of potassium and bicarbonate were expressed as meq/24 h, meq/kg of body weight/24 h, or meq/1.73 m'/24 h.
The impairment of renal conservation of sodium in these patients might reflect a disturbance of renal tubular function related to structural damage of the renal medulla associated with infection or deposition of calcium salts. In five of the six patients in whom renal conservation of sodium was impaired, bilateral medullary nephrocalcinosis was evident radiographically and had been present for many years. But, in one patient (A. B.) with marked impairment in renal conservation of sodium and chloride, nephrocalcinosis was not radiographically demonstrable, and there was no evidence of urinary tract infection. Conversely, nephrocalcinosis was present in two patients in whom renal conservation of sodium appeared to be relatively well-maintained. Accordingly, in the group of patients studied, the presence and severity of radiographically-demonstrable nephrocalcinosis does not correlate positively with the presence and severity of the impairment of renal conservation of sodium.
In the patients with Sjogren's syndrome and/or hypergammaglobulinemia, the impairment of renal conservation of sodium and chloride might reflect a disturbance of renal tubular function related to the primary pathological process in the kidney. In such patients, the renal interstitium is diffusely infiltrated with lymphocytes and plasma cells, and immune globulins localize in the cytoplasm and in basement membranes of the renal tubular cells (40, 41) . In some of these patients, multiple dysfunctions of the tubule occur (14) (15) (16) .
Whatever the roles of nephrocalcinosis, tubular and interstitial nephritis, and distal bicarbonate delivery in the pathogenesis of impaired renal conservation of sodium in classic RTA, the results of the present study provide no support for the traditional formulation that impaired renal conservation of sodium in classic RTA is exclusively a reversible consequence of the renal acidification defect.
The results of the studies carried out during water diuresis permit localization of the impairment in renal transport of sodium. In L. W., because the concentration of sodium in the urine decreased progressively as urine flow increased (Fig. 6A, solid circles) , the abnormally high urinary concentrations of sodium observed during sodium restiction (Fig. 3) could not have reflected solely the limited ability of an impaired distal nephron to reduce the intraluminal concentration of sodium. When reabsorption of water in the distal nephron is suppressed during water diuresis, the urinary concentration of sodium would not be expected to decrease as urine flow increases if that concentration reflected the maximal transepithelial concentration gradient of sodium attainable in the distal nephron (27) . The inappropriately high urinary excretion rate of sodium in L. W. might therefore be attributed to an abnormally increased rate of delivery of sodium to the distal nephron, a consequence presumably of impaired reabsorption of sodium in more proximal portions of the nephron (i.e., in the nephron proximal to the vasopressinsensitive segments of the distal nephron).
But the results of the study in L. W. do not permit the conclusion that the ability of the distal nephron to reduce the intraluminal concentration of sodium is unimpaired. In this patient and in five additional patients studied, three of whom failed to conserve sodium appropriately by at least one criterion, the minimal urinary concentrations of sodium during water diuresis exceeded the minimal urinary concentrations of sodium observed in sodium-restricted normal subjects undergoing water diuresis (Fig. 6A) (27) . That an impairment of sodium transport in the distal nephron could account for such abnormally high urinary concentrations of sodium is indicated by the finding that the urinary excretion rate of sodium increased as urine flow increased (Fig. 6B) . If the urinary concentrations of sodium had been abnormally high solely because the ratecapacity for sodium reabsorption in the distal nephron had been saturated by the delivery of abnormally large amounts of sodium from more proximal portions of the nephron, suppression of water reabsorption in the distal nephron would not have been expected to increase the rate of urinary sodium excretion, but only to decrease the concentration of sodium in the urine. Yet, in five patients, the concentration of sodium in the urine remained essentially constant over a broad range of increase in urine flow; in L. W., the urinary sodium concentration decreased but not proportionately to the increase in urine flow. Hence, these findings implicate the vasopressin-sensitive segments of the distal nephron in the impairment of renal conservation of sodium, and suggest that the maximal transepithelial sodium concentration gradient attainable there is abnormally low (27) .
The maximal transepithelial sodium concentration gradient in the distal nephron might be abnormally low because the rate of removal of sodium from the lumen is abnormally reduced or because the rate of backflux of sodium into the lumen is abnormally increased. In untreated, acidotic patients with classic RTA, either of these two possibilities can be conceived of as the consequence of an impairment in renal acidification. An abnormally reduced rate of removal of sodium from the lumen might result from an abnormally reduced rate of secretion of hydrogen ion from cell to lumen; an abnormally increased backflux of sodium into the lumen might result from an abnormally increased backflux of hydrogen ion out of the lumen. But, if transport of sodium out of the lumen-is abnormally reduced because the rate of hydrogen ion secretion is abnormally reduced, it cannot be expected a priori that correction of systemic acidosis with alkali therapy will normalize it. Raising intraluminal bicarbonate concentration and pH would predictably decrease an abnormally-increased backflux of hydrogen ion from the lumen but it need not increase an abnormally-reduced secretion of hydrogen ion from cell to lumen. The prediction that in patients with classic RTA impaired renal conservation of sodium will be corrected when acidosis is corrected is based upon the assumption that the net rates of renal H+-Na+ exchange can be normalized by correction of acidosis. Such an assumption might be unwarranted, however, in view of more recently reported evidence, derived from studies of urinary carbon dioxide tension, suggesting that the rate-capacity for hydrogen ion secretion in the distalmost segments of the nephron is abnormally reduced (42) . Accordingly, in patients with classic RTA, impaired renal conservation of sodium might be a consequence of impaired renal acidification, but not necessarily a reversible one.
Yet, the impairment in renal conservation of sodium demonstrated in the present patients cannot be conceived of as entirely the consequence of a reduced rate of renal H+-Na+ exchange, since impaired reabsorption of sodium was accompanied by impaired reabsorption of chloride. Conceivably, in classic RTA, impaired renal reabsorption of sodium chloride and impaired renal secretion of hydrogen ion reflect independent renal tubular dysfunctions, perhaps caused by a single abnormality of the renal tubule. The same metabolic or structural abnormality of the renal tubule that precludes establishment of appropriately high intraluminal concentrations of hydrogen ion during acidosis might also preclude establishment of appropriately low intraluminal concentrations of sodium and chloride during salt restriction.
